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[57] ABSTRACT

An endoprosthesis which comprises a flexible, collaps-
ible, hollow device which can be filled after it is posi-
tioned within the bone structure. In the case of a pros-
thesis designed to replace the ball of the femur, the
endoprosthesis has a ball portion, a neck portion at-
tached to and communicating with the ball portion, a
body portion attached to and communicating with the
neck portion, and an access opening opposite the ball
portion. A method for installing the endoprosthesis in
the hip is also described, in which a portal is drilled
through the lateral cortex of the femur at a location
opposite the ball, the ball of the femur is removed, and
the endoprosthesis is inserted through the portal. Fi-
nally, the invention provides a special tool that can be
used for removing the ball of the femur through a portal
in the lateral cortex without dislocating the hip. Gener-
ally, this tool comprises a rotatable shaft, a cutting blade
received in an end portion of the shaft, and being hinged
at 1ts lower end, and means for extendig and retracting

the blade.

16 Claims, 5 Drawing Sheets
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TOOL FOR REMOVING THE BALL OF THE
FEMUR

This application is a continuation-in-part of applica-
tion Ser. No. 058,913, filed June 5, 1987 now abandoned
which is a divisional application of application Ser. No.

820,549, filed Jan. 17, 1986, now U.S. Pat. No.
4,714,478. ..

BACKGROUND OF THE INVENTION

The present invention relates to a tool which enables
the installation of a hip prosthesis by remowval of the ball
of the femur through a portal in the lateral cortex.

As a result of injuries, arthritis and other diseases, as
well as degenerative processes that result from aging
and/or the use of certain drugs, it often becomes neces-
sary to surgically replace a ball-and-socket joint, i.e., the
shoulder or hip, with a prosthesis. In the hip, the re-
placement of the head, or ball, of the hip with a metal
endoprosthesis has become a relatively common surgi-
cal procedure. Often the acetabular cup is also replaced
in a procedure commonly referred to as a “total hip
replacement.”

Not only is such a procedure often required in hu-
mans, but it i1s also sometimes required in animals such
as dogs. However, owing to the expense of such a pro-
cedure, it is rarely performed on animals.

The installation of a conventional endoprosthesis
requires that extensive muscle tissue be cut in order to
expose the joint structure. In the case of a hip endopros-

thesis, the hip itself must then be dislocated, the ball and -
neck removed, and marrow removed from the bone.

The endoprosthesis has a long stem portion which is
then installed in the cavity left by the removed marrow.
The endoprosthesis is then cemented into place with a
suitable cement such as methyl methacrylate.

2

tients, among whom the majority of hip replacements
are performed.

Previous efforts at overcoming these problems have
primarily been directed at attempts to improve the

5 bonding between the endoprosthesis and the surround-

ing bone structure. For example, it is widely believed

- that a major source of loosening is that the curing of
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commonly used cements is an exothermic reaction
which itself destroys some of the tissue on the interior of
the femur. Such tissue destruction reduces the ability of
the patient’s tissue to grow and form a bond with the
endoprosthesis. In an effort to correct this problem,
“cementless”” metal endoprostheses have been devel-
oped, which rely on a roughened surface into which the
tissue can grow. Because time is required for such tissue
growth, cementless endoprostheses greatly extend the
healing time following surgery. Moreover, because it is
made of metal, a cementless endoprosthesis will still
tend to transmit shock to the bone, and, in many cases,

_will still tend to work loose.

Another problem with conventional metal endopros-
theses is that the hard metal ball tends to destroy the

~ relatively soft tissue of the joint socket. Thus, when an
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A significant problem with the use of metal endopros- B

theses is their tendency to work loose and to become
separated from the bone structure. While there are sev-
eral causes for this, such loosening is unquestionably
promoted by the difference in hardness between the
endoprosthesis and the much softer surrounding bone
structure. Breaking loose is also promoted by the inabil-
ity of a metal endoprosthesis to conform to the interior
of the femur. That is, the endoprosthesis must be shaped
so that it can be slid into the bone, and this shape inevi-
tably promotes breaking loose. Finally, the fact that the

43

endoprosthesis is made of metal prevents the normal

bending and compression of the femur in the area proxi-
mal to the stem. | | |

Another problem with conventional endoprostheses

is the high expense involved. Not only do surgical pro-
- cedures tend to be lengthy and expensive, but the endo-
prostheses themselves are a significant expense. Such
devices are expensive to manufacture, and a variety of
sizes must be carried in inventory, since it is important
to obtain as close a fit as possible for the individual
patient.

Loosening is a particular problem in the case of a hip
endoprosthesis, since that area of the body is subjected
to frequent motion and is required to carry weight.
When loosening of the endoprosthesis occurs, the cor-
rection of this problem usually requires a second major
surgical procedure to remove the endoprosthesis and
substitute one with a larger stem in order to fill the now
enlarged interior of the femur. Such surgical procedures
can be extremely traumatic, particularly in older pa-
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endoprosthesis is installed alone, it often becomes neces-
sary to later replace the socket. As is well known in the
art, the replacement of the socket itself can lead to an
additional set of difficulties in that the replacement
socket may tend to come loose.

Owing to the trauma involved in the surgery, and to
the aging of the population, there is a growing number
of people who need joint replacements, especially hip
replacements, but cannot tolerate such surgery. Thus,
there is a need for an endoprosthesis that can be in-
stalled with a method that involves significantly re-
duced trauma to the patient.

‘To this end, the endoprosthesis disclosed in U.S. Pat.
No. 4,714,478 (Fischer) alleviates or even overcomes
these problems by providing an endoprosthesis which is
less prone to becoming detached after installation,
which has a reduced tendency to cause wear to the hip
socket, and which can be installed using a simpler and
less traumatic procedure than was required by other
devices.

Generally, the improved endoprosthesis disclosed by
Fischer comprises a flexible, collapsible, hollow device
which can be filled after it is positioned within the bone
structure. In the case of a prosthesis designed to replace
the ball of the femur, the endoprosthesis has a ball por-
tion, a neck portion attached to and communicating -
with the ball portion, a body portion attached to and
communicating with the neck portion, and an access

opening opposite the ball portion. Because of this hol-
- low, collapsible design, the body portion can be shaped

to conform to the interior of the intermedullary space,
including the trochanteric region and the stem region.
This conformance allows the endoprosthesis to be re-
tained in place by the bone structure itself, without any
need for cement.

In addition, Fischer discloses procedures to install
and replace the endoprosthesis that are less invasive,
and thus less traumatic to the patient. In accordance
with the method disclosed by Fischer, a flexible, col-
lapsible, hollow hip endoprosthesis is installed by dril-
ling a portal through the lateral cortex of the femur at a
location opposite the ball, removing the ball of the
femur, and inserting the endoprosthesis through the
portal. The endoprosthesis is then positioned within the
femur and is filled with a suitable material.
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While the device and procedures taught by Fischer
can be used in conjunction with conventional tech-
niques to remove the ball of the femur, it is desirable to
provide an arrangement which will remove the ball
while preserving as much of the neck of the femur as
possible.

Therefore in view of the above, it is a primary object
of the present invention to provide a device which
maybe used to remove the ball of the femur.

It 1s a further object of the present invention to pro-
vide a device which may be used to remove the ball of

the femur while preserving a part of the neck of the
femur.

SUMMARY OF THE INVENTION

The present invention provides a special tool that can
be used for removing the ball of the femur through a
portal in the lateral cortex without dislocating the hip.
Generally, this tool comprises a rotatable shaft which
includes a front end portion and a back end portion,
cutting blade received in the front end portion of the
shaft, and being hinged at one end to the front end
portion of the shaft. The tool further includes means for
extending and retracting the blade. A forward direction
is defined from the back end portion of the shaft to the
front end portion of the shaft. The blade is hinged such
that the nonhinged end of the blade projects in the
forward direction when it is in the retracted position.
‘The blade rotates in a backward direction. In this man-
ner the tool may be inserted into the portal in the lateral
cortex when the blade is in the retracted position.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 11s a side view of a hip endoprosthesis embody-
ing the present invention, which is partially cut away to
show the hollow interior thereof:

FIG. 2 is a top view thereof;

FIG. 3 is a bottom view thereof:

FIG. 4 1s a fragmentary perspective view of a human
hip, illustrating the manner in which the ball of the hip
is removed;

FIG. § 1s a perspective view of the upper portion of
the femur, in which the view of the ball is partially cut
away, showing the initial insertion of tool embodying
the present invention;

FI1G. 6 1s a perspective view similar to FIG. 5, show-
ing the partial extension of the cutting blades of the tool
during the cutting operatlon

F1G. 7 is a perspective view similar to FIG. 5, show-
ing the use of forceps to insert the collapsed endopros-
thesis into the femur:;

FIG. 8 is a perspective view similar to FIG. §, show-
ing the femur showing the inflation and filling of the
endoprosthesis;

FIG. 9 is a side elevation view, partially in cross
section, of a tool according to the invention;

FI1G. 10 1s a fragmentary cross-sectional view show-
ing the end portion of the tool shown in FIG. 9 with the
cutting blades partially extended:

FIG. 11 is a fragmentary cross-sectional view su:mlar
to FIG. 10, showing the cutting blades fully extended;

FIG. 12 is a perspective view of a preferred embodi-
ment of a cutting blade comprising a part of the tool of
the present invention.

FIG. 13 is a top view through lines 13—13 of the
cutting blade of in FIG. 12.

FIG. 14 is a side elevational view through lines
14—14 of the cutting blade of FIG. 13.
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FIG. 15 1s a front view through lines 15—15 of the
cutting blade of FIG. 13.

DETAILED DESCRIPTION

Referring to FIGS. 1-3, an endoprosthesis embody-
ing the present invention is generally indicated by refer-
ence numeral 10. The endoprosthesis 10 is designed for
use in the human hip. The endoprosthesis 10 is made of
a flexible plastic material, and has a ball portion 12, a
neck portion 14, and a body portion 16. The body por-
tion 16 includes a trochanteric portion 18 and a stem
portion 20. A hollow tube 22 projects from the bottom
of the body portion 16 at a point opposite the ball por-
tion 12. The tube 22 communicates with the interior of
the endoprosthesis, as shown in FIG. 1.

Preferably, the endoprosthesis 10 will have a rough
outer surface in order to help immobilize it within the
femur, and to facilitate the engagement of the endopros-
thesis with the surrounding tissue structure.

The endoprosthesis 10 can be installed using methods
which are largely conventional, and which will be ap-
parent to those skilled in the art. For example, a conven-
tional “sunny side” incision can be made through the
muscle, the hip dislocated, and the ball removed with a
surgical saw. Because such a procedure involves con-
siderable trauma to the patient, the technique described
herein is preferred.

FIGS. 4-8 1llustrate a preferred surgical procedure
that may be used to install the endoprosthesis 10 with
minimum trauma to the patient. Referring to FIGS. 4-6,
in accordance with this method, the endoprosthesis 10 is
installed by first making an incision 30 in the skin and
tensor fascia adjacent the greater trochanter 32 and
opposite the ball (not shown) of the femur 36. A pilot
hole is then drilled with a guide pin (not shown)
through the lateral cortex and the guide pin is passed
through the center of the femoral neck. A larger portal
is then drilled through the lateral cortex, centered on
the pilot hole. Next, suitable x-ray equipment, such as a
C-arm, 1s used to ensure proper centering of the guide
pin in the head. A portal which is preferably about 0.5-1

‘inch in diameter is then drilled through the cortex. This

portal should be as wide as the medullary space of the
neck and should pass through the head of the ball. Up to
this point, the procedure is well within the ability of

‘those skilled in the art, and is similar to that used for

compression head nailing for a fracture.

The next step in the installation procedure is the re-
moval of the ball. As previously stated, this step may be
accomplished by conventional techniques. However,
while the neck is also conventionally removed, when
using the endoprosthesis of the present invention, as
much as possible of the neck should be preserved. In
accordance with the preferred installation procedure,
the novel tool of the present invention, generally indi-
cated by reference numeral 40, is employed.

The detail of the tool 40 is best seen in FIGS. 9-15.
The tool 40 includes a hollow, rotatable shaft 42 having
a first end 44 and a second end 46. Since, as explained in
more detail hereinafter, the first end 44 of the shaft 42 is
inserted into the previously drilled hole, the direction
defined from the second end 46 to the first end 44 of the
shaft 42 is referred to hereinafter as the forward direc-
tion and the opposite direction is hereinafter referred to
as the backward or reverse direction. An inner drive pin
48 moves longitudinally within the shaft 42. The drive
pin 48 incorporates a piston 50 which fits closely within
the shaft 42 in order to provide for hydraulic actuation
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of the pin 48 while permitting the passage of liquid for
irrigation as hereinafter described.

The first end 44 of the shaft 42 has slo'ts 52 within

which serrated cutting blades 54 are hingedly mounted.
Although the tool 40 would perform its desired func-
tion with only one such blade, it is preferred to employ
two oppositely disposed blades 54 as shown.

To facilitate the insertion of the tool 40 in the previ-
ously drilled pilot hole in the lateral cortex and femoral
neck, the blades 54 are preferably elongated and config-
ured such that when in a retracted position the blades 54
lie substantially within the outer radius of the shaft 42.
The blades 54 are pivotally mounted to the shaft 42 such
that the biades 54 expand in a backward direction.

Each blade 54 has a cammed surface 56 which
contacts the end of the drive pin 48 when the pin 48 is
in the retracted position as shown in FIG. 9. It is thus
seen that the piston 50 and drive pin 48 form means for
extending and retracting the blades. As shown in FIG.
11, the cammed surface 56 is preferably designed to
permit the end of the drive pin 48 to move past the

10
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blades 54, and to lock them in their fully extended posi-

tion.

Referring to FIG. 9, the shaft 42 is free to rotate
within a housing 58 having a liquid inlet conduit 60 on
the side thereof. The liquid inlet conduit 60 communi-
cates with a chamber 62 within the housing 58. The

chamber 62 in turn communicates with the interior of

the shaft 42 via an aperture 64. The housing 58 has a pair
of O-rings 70 mounted in recesses 72 adjacent each side
of the chamber 62 to prevent liquid from escaping from
the chamber 62. The O-rings 70 are held in place by
retainer rings 74, which, in turn, are held in place by end
caps 76. The end caps 76 rotate with the shaft 42, and

25
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are held in place by set screws 78. The second end 46 of 35

the shaft 42 has a narrowed portion 80, and is closed by
a plug 82. |

In the preferred embodiment shown, the shaft 42 has
circumferential grooves 84 cut into it at regular inter-
vals. These grooves 84 aid in measuring the penetration
distance when using x-ray equipment.

Referring now specifically to FIGS. 12-15, a pre-
ferred embodiment of the blade 54 comprises an elon-
gated wedged shaped body 102 with a plurality of teeth
101 disposed on the longitudinal inclined face 106 of the

wedged shaped body 102.

- Asbest illustrated in FIGS. 12 and 13 the teeth 101 of
the blade 54 are preferably graded across the width of
the blade 54. The width of the blade is defined here as
the narrow dimension of the blade 54.

In an exemplary embodiment the angle &, between
the inclined face 106 and the bottom face 104 of the
blade 54 1s 16° and the angle 83 of the grade of the teeth
101 1s 5°. The back surface 108 of the blade is also pref-
erably inclined at a predetermined angle 0, relative to a
plane normal to the bottom face 104 of the blade 54. In
an exemplary embodiment 6, is also 16°.

The teeth 101 of the blade §4 may incorporate any
suitable serration arrangement. In a preferred embodi-
ment the blades 54 are made of a stainless-steel material
and the teeth 101 are 0.040 inches apart; 0.020 inches
deep; and 0.040 inches along the direction of the in-
clined face 106 and the width of the blade is 0.100
inches.

Since the interior of the ball is softer than the outer

surface of the ball, in another preferred embodiment the

dimension of the teeth 101 along the direction of the
inclined face 106 is successively smaller for each tooth

| - 6
from the back of the blade 54 to the front of the blade
54. That 1s, the length of each tooth 101 from the back
of the blade 54 to the front of the blade 54 is slightly
smaller than the length of the previous tooth. In addi-
tion to being graded, the teeth 101 may also be arranged
on an angle relative to the width of the blade 54.

As illustrated in FIGS. 12 and 14 the blade 54 in-
cludes a bore 110 at the bottom of one end of the blade
54. The bore 110 is used in cooperation with a pivot pin
in the shaft 40 to pivotally attach the blade 54 to the
shaft 40. Since, as illustrated in FIG. 9, when the blade
54 is an a retracted position, the narrower portion of the
wedge shaped body 102 of the blade $4 projects in the
forward direction, the narrower portion of the wedge is
referred to here as the front of the blade and the wider
portion of the wedge shaped body 102 (which includes
the bore 110) is referred to here as the back portion of

the blade 54.

Referring again to FIGS. 4-6, to remove the ball of
the femur with the tool 40, the liquid inlet conduit 10 is
connected to a source of liquid under pressure. A sterile
and biologically safe liquid, such as sterile Ringer’s
solution or saline solution, preferably with an antibiotic
additive, should be employed.

The narrowed portion 80 of the tool 40 is connected
to drive means, preferably driven through a flexible
drive shaft (not shown). As best shown in FIG. §, the
first end 44 of the shaft 42 is then inserted into the previ-
ously drilled hole until the first end 44 passes through
the ball and contacts the hip socket (not shown). As will
be recognized by those skilled in the art the outer diam-
eter of the shaft 40 may be any suitable diameter which
will allow insertion of the shaft 40 into the previously
drilled pilot hole. A preferred outer diameter is 0.625
inches.

Fluid under pressure is delivered through the inlet

- conduit 60, exerting pressure against the piston 50 and
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urging the drive pin 48 toward the first end 44 of the
shaft 42. Since the expansion of the blades 54 will de-
pend on the fluid pressure delivered through the inlet
conduit 60, the operating range of pressures is prefera-
bly sufficiently high to allow precise expansion of the
blades to be easily and accurately implemented.

In a preferred embodiment the size of the piston is
such that the operating range of pressures is between 28
and 30 psi. The shaft 42 is then rotated at a controlled
rate of speed, preferably in the range of 0 to about 300
rpm. The slower rates are used at the beginning and end
of the ball-removal procedure, while higher rates of
speed can be used for removal of the major portion of
the ball. As shown in FIGS. 6 and 10, the liquid pres-
sure will cause the end of the pin 48 to push against the
cammed surfaces 56 of the blades 54, urging them out-
wardly, thereby grinding the ball into a fine powder. As
illustrated best in FIG. 6, the blades 54 extend in a back-
ward direction such that the ball is removed from the
top center portion of the head to the portion of the head
connected to the neck. It will be recognized by those
skilled in the art that if the portion of the head which is

-attached to the neck were removed first, the remaining

portion would rotate freely thereby preventing the
rotating blades 54 from grinding the remaining portion.

In a preferred embodiment a predetermined distance
is provided between the top of the first end 44 of the
shaft 40 and the top of the blades 54. Since the top of the
first end 44 engages the acetabular surface, this prede-
termined distance preserves the acetabular surface dur-
ing the deheading process.
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As more of the ball is removed on each successive
rotation, the blades will move farther outwardly until
they reach the position shown in FIGS. 4 and 11. In that
position, the cammed surfaces 56 have moved over
center, permitting the pin 48 to move past them and to
lock the blades 54 in their fully extended position, as
previously described. Rotation of the shaft 42 is contin-
ued, while the shaft is slowly withdrawn, cutting away
the remainder of the ball. The completion of this proce-
dure 1s shown in FIG. 4. It will be recognized by those
skilled in the art that the ground particles of the ball
need to be periodically removed by known irrigation
and aspiration techniques. |

To further protect the acetabular surface the tool 40
may imnclude a spring (not shown) disposed at the tip of
the first end 44. With this arrangement, the physician
must exert a force sufficient to compress the spring
against the acetabular surface when the tool 40 is first
inserted. As the removal process is initiated and the
blades 54 expand, the force of the blades against the ball
with retain the spring in the compressed position. The
spring will urge the tool 40 in a backward direction
such that a space is maintained between the free ends of
the blades 54 and the acetabular surface.

'The disclosed embodiments of the tool 40 provides an
arrangement which will efficiently remove the ball of

the femur through a portal drilled through the lateral

cortex and femural head without dislocating the hip.
Since, when in a retracted position, the blades 54 are
preferably disposed within the radius of the shaft 40, the
tool is easily inserted into the pilot hole. The blades 54
then expand outwardly in a backward direction to re-
move the ball by grinding it into a fine powder. This
arrangement allows the tool of the present invention to
be inserted through a portal in the neck without the
need to remove the neck completely.

Since the blades 54 are preferably serrated, as the
shift 40 rotates and the blades 54 expand, the bone is
ground without chipping the bone. This is desirable
since chipping would generate larger pieces of removed
bone which could not be easily removed by irrigating
and aspirating techniques. The grade of the teeth 101
across the width of the blades 54 also facilitates the
grinding procedure by preventing the serrated face 106
from engaging the bone at a normal angle.

After the ball has been entirely removed, the liquid
pressure is stopped, and suction is applied, causing the
pin 48 to move out of engagement with the blades 54.
As the shaft 42 is withdrawn, the blades 54 will retract
into the slots 5§2. The fragments left behind are then
removed from the hip socket area by irrigation and
aspiration.

Referring now to FIG. 7, the next step is the insertion
of the endoprosthesis 10. A suitable amount of marrow
1s removed from the interior of the femur 36 to allow
room for the endoprosthesis 10. In the preferred instal-
lation method, the air is withdrawn from the endopros-

thesis 10, and with the hollow tube 22 is closed off. The

endoprosthesis 10 will therefore be collapsed, as shown
in FIG. 7. The endoprosthesis 10 is then inserted
through the portal in the femur using a forceps 90. As
shown 1in FIG. 7, the endoprosthesis 10 is preferably
folded to make it easier to insert it into the lateral portal.
The endoprosthesis 10 should be passed through the
femur 36 until the bail portion 12 seats on the femoral
neck 92.

The next step is to fill the endoprosthesis 10. In accor-
dance with the present invention, the endoprosthesis 10
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can be filled with any suitable material, which can in-
clude liquids or particulate solids. Because of the possi-
bility of eventual rupture of the wall of the endopros-
thesis, any such material must, of course, be sterile and
biologically safe.

In accordance with the preferred embodiment, the
endoprosthesis 10 is filled with a suitable plastic and
curing agent. As shown in FIG. 8, this is preferably
accomplished by mixing the two liquid components of
the elastomer and placing them in a syringe 100 just
prior to use. If the endoprosthesis 10 has already been
evacuated, then the mixed elastomer components will
simultaneously fill and inflate it. Once the elastomer is
in place, the hollow tube 22 is cut off, and the incision
is closed.

While the particular materials used to manufacture
and fill the endoprosthesis 10 form no part of this inven-
tion, it is obvious that these materials must have certain
characteristics. The plastic material used to form the
endoprosthesis 10 must be resilient so that it will spring
back to its original shape, and must be sufficiently flexi-
ble to permit the endoprosthesis 10 to be positioned
within the femur as described above. The material must
also have sufficient strength that it will not erode upon
constant contact with the hip socket, and must also be
compatible with body tissue. Finally, the material must
be one that can be readily molded into the desired
shape.

The presently preferred material for forming the
endoprosthesis 10 is a silicone elastomer. Such materials
are available as two separate components (elastomer
and catalyst) from Dow Chemical Corporation, Mid-
land, Michigan, under the trademark Silastic. A particu-
larly preferred material is marketed by Dow as Silastic
Q7-4840 A/B Medical Grade Liquid Silicone Rubber.
These and other suitable elastomers are described and
claimed in U.S. Pat. Nos. 3,445,420 and 4,162,243.
These materials are also suitable for filling the endo-
prosthesis following insertion as previously described.

The endoprosthesis itself is preferably formed by
molding, with the interior cavity being defined by a
wax, which is subsequently removed by melting. Pref-
erably, the wax has a melting point in the range of
200°-210° F. It is also important that the mold be evacu-
ated prior to filling in order to minimize the formation
of air bubbles. Such techniques are well within the skill
of those familiar with the molding art.

Although the preferred embodiment of the endopros-
thesis 10 described above is designed to replace the ball
of the human hip, modifications of the device to render
it suitable as a shoulder ball replacement will be obvious
to those skilled in the art. Similarly, it will be obvious
that an endoprosthesis embodying the present invention
can be used in connection with the repair of ball-and-
socket joints in animals such as dogs.

Obviously many modifications and variations of the
invention as set forth herein will occur to those skilled
in the art, and it is intended that the following claims
will cover all such modifications and variations as fall
within the true spirit and scope of the invention.

I claim:

1. A tool for removing the ball of the femur through
an aperture passing through the lateral cortex and femo-
ral neck comprising;:

a. a rotatable shaft having a front end portion and a

back end portion, wherein a forward direction is

defined from said back end portion to said front
end portion;
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b. a cutting blade hingedly mounted at one end to said
front end portion of said shaft, said blade having a
retracted position and an open position, the other
end of said blade projecting in said forward direc-
tion when said blade is in said retracted position
such that said other end of said blade is adapted to
rotate in a backward direction:

c. means for extending and retracting said blade; and

d. drive means attached to said shaft for rotating said ,
shaft and said blade about the longitudinal axis of
said shaft, such that said ball of the femur is ground
by said blade upon rotation of said shaft and said
blade.

2. The tool as defined in claim 1 wherein said blade is
adapted to pass through said aperture when in said
retracted position.

3. The tool as defined in claim 1 wherein two oppo-
sitely disposed blades are hingedly mounted in said
front end portion of said shaft. |

4. The tool as defined in claim 3 wherein said blades
are adapted to pass through said aperture when in said
retracted position.

5. The tool as defined in claim 1 wherein saxd shaft
includes a slot in said front end portion and wherein said
blade is received in said slot.

6. The tool as defined in claim § wherein said blade
comprises a wedge shaped body including a pair of

longitudinally extending side walls and a plurality of 3g

teeth disposed on an inclined face, said inclined face
disposed between said pair of longitudinally extending
side walls of said wedge shaped body.

7. The tool as defined in claim 6 wherein one of said
longitudinally extending walls has a height greater than
the other of said longitudinally extending walls such
‘that said teeth are inclined between said longitudinally
extending walls of said blade.

8. The tool as defined in claim 3 wherein said means
for extending and retracting the blades comprise a pis-
ton axially movable within said shaft, said piston engag-
ing said blades; and means for delivering liquid to said
shaft opposite said blades to exert fluid pressure on said
piston, said piston causing said blades to extend when
said piston is moved toward said blades and to permit
sald blades to retract when said piston is moved away
from said blades.

9. The tool as defined in claim 8 further comprising
means for locking said blades in their fully extended
position. |
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10. A tool for removing the ball of the femur through
an aperture passing through an aperture passing
through the lateral cortex and femoral neck comprising:

- a. a rotatable shaft having a front end portion and a
back end portion, wherein a forward direction is
defined from said back end portion to said front
end portion;

. a cutting blade hingedly mounted at one end to said
front end portion of said shaft said blade having a
retracted position and an open position the other
end of said blade projecting in said forward direc-
tion when said blade is in said retracted position
such that said other end of said blade is adapted to
rotate in a backward direction, said blade adapted
to pass through said aperture when in said re-
tracted position;

c. means for extending and retracting said blade; and

d. drive means attached to said shaft for rotating said

shaft and said blade about the longitudinal axis of
said shaft, such that said ball of the femur is ground
by said blade upon rotation of said shaft and said
blade.

11. The tool as defined in claim 10 wherein two oppo-
sitely disposed blades are hingedly mounted in said
front end portion of said shaft.

12. The tool as defined in claim 10 wherein said blade
comprises a serrated blade.

13. The tool as defined in claim 12 wherein said blade
comprises a wedge shaped body including a pair of
longitudinally extending side walls and a plurality of
teeth disposed on an inclined face, said inclined face
disposed between said pair of longitudinally extending
side walls of said wedge shaped body.

14. The tool as defined in claim 13 wherein one of
said longitudinally extending walls has a height greater
than the other of said longitudinally extending walls

“such that said teeth are inclined between said longitudi-

nally extending walls of said blade.

15. The tool as defined in claim 11 wherein said
means for extending and retracting the blades comprise
a piston axially movable within said shaft, said piston
engaging said blades; and means for delivering liquid to
sald shaft opposite said blades to exert fluid pressure on
sald piston, said piston causing said blades to extend
when said piston is moved toward said blades and to
permit said blades to retract when said piston is moved
away from said blades.

16. The tool as defined in claim 15 further comprising
means for locking said blades in their fully extended

position.
E - S * .
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